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ABSTRACT
With high over-subscription rates and significant operational costs, observatories must
ensure that their operations are efficient and effective. A number of key performance
indicators are generally used to evaluate the observatory’s performance among which
are the numbers of publications and citations of refereed journal articles to measure
the overall scientific impact. Those measures, however, are broad and can not as-
sess whether the observatory was successful on a project-by-project basis to deliver
data to the PIs enabling them to carry out their science and to publish their results.
In particular the reasons that prevented PIs from publishing remain hidden. Under-
standing and acting upon those reasons, however, have the potential to substantially
improve the observatory’s operational model. Of course not every approved project
even should lead to a publication. Indeed, the risk of not finding the expected (or any
unexpected) science in the data the PI receives is an inherent and indispensable part
of the scientific process. But even here, measuring the fraction of such projects can
lead to valuable insights which might then be used to instruct future proposal review
committees. To fully close the loop on the end-to-end data-flow, ALMA has started
in March 2015 to send survey questions to PIs where two years after the end of the
proprietary period no publication making use of the delivered data could be identified.
We describe our method as well as the type of conclusions we hope to be able to draw
once a statistically relevant sample of answers has been received.
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1 INTRODUCTION
The major astronomical facilities typically receive hundreds,
some more than thousand observing proposals for each of
the half-yearly or yearly Calls for Proposals they issue. The
requested time typically exceeds the available observing time
by factors of 2 to 9. 1,2,3,4,5
Subsequently the facilities deploy large efforts to select
the scientifically highest ranked of the submitted proposals
until the available observing time is distributed. In general,
teams of up to 150 international experts meet for several
∗E-mail: fstoehr at eso dot org
1 http://almascience.org/documents-and-tools/cycle4/c04-
proposal-review-process
2 http://www.eso.org/sci/observing/phase1/p99/pressure.html
3 http://www.stsci.edu/institute/stuc/april11/whitmore.pdf
4 http://www.noao.edu/gateway/tac/obsreqs16a s.html
5 http://irsa.ipac.caltech.edu/data/SPITZER/docs/files/spitzer/go13-
stats.pdf
days face-to-face to balance the scientific merit of the pro-
posals against each other and to produce the final ranked
list.
Such an expensive and careful process is mandated by
the extremely valuable observing time. Indeed, by just divid-
ing the annual total budget of an observatory by the num-
ber of the observatory’s refereed publications over a year we
obtain a back-of-the-envelope estimate of the cost of a sci-
entific publication. This estimate of course is very crude and
ignores the construction budget but also ignores the added
value of staff-science, of R&D, training of young scientists,
outreach etc. Nevertheless for our purposes here this is good
enough and we find that for many facilities this value is in
excess of 50kEUR/publication.
As a consequence, since long, observatories are very
carefully monitoring the success of their scientific program
and are trying to improve their operational model. Most
major facilities are tracking the publications that made use
of the data taken by the facility sometimes together with
statistics of the number of citations (recently e.g. Scire et al.
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(2010), Apai et al. (2010), Rots et al. (2012), Ness et al.
(2014), Crabtree (2014), Schroeder et al. (2015), Savaglio &
Grothkopf (2015), Stoehr et al. (2015)).
In addition, most large observatories are running user-
surveys with their communities. These typically ask ques-
tions concerning the entire end-to-end data-flow with the
aim of improving the overall operations and user-experience.
We expect the need of the facilities to measure their sci-
entific impact to grow with time. This is not only driven by
the funding agencies but especially by the growing amount
of data with time. A full SKA alone is expected to deliver up
to 10PB/day of science images. This corresponds to about
180TB/year of images (or twice the entire data output of
ALMA in 2016 or alternatively 50 million 1kx1k FITS im-
ages) for each and every astronomer registered with the IAU
at that time. With most pixels that get observed never be-
ing looked at by a human, it is indeed possible that only a
fraction of the data taken get also analysed and published.
We also expect that the need of the facilities to measure
their effectiveness and efficiency will grow because over the
decades they have and will be taking up more and more of
the responsibility of the scientific process. Already the ob-
servations themselves (service-mode observing) and the data
reduction (data-reduction pipelines of HST, ESO, XMM,
SPITZER, ALMA, VLA, etc.) and sometimes even the first
science analysis (ALMA Regional Centres, ADMIT (Teuben
et al. 2015)) are already taken up by the observatories (see
also Stoehr et al. (2014)).
While these publication statistics and the general user-
surveys measure the overall success and user-experience of a
facility as a whole, they hide the issues PIs may encounter
on an individual project level. For example it is entirely con-
ceivable that the overall publication statistics show a quite
large number of publications, but still only a relatively small
fraction of projects of each proposal cycle actually lead to a
publication (e.g. Sterzik et al. (2015)).
2 MOTIVATION
We propose here therefore to fully close the loop of the end-
to-end data-flow by identifying the projects that have not
led to a publication a certain time after the end of the pro-
prietary period of the data of the project, and then directly
contacting the PIs of those projects individually to find out
the underlying reasons.
Such a survey is expected to be able to uncover stum-
bling blocks and provide guidance for improved operations
that would be hidden in the noise of a general user-survey,
would be incomplete or would not even appear there at all,
due to the fact that PIs who have not published may not
be part of the 10% of users who typically do fill out such
general surveys in the first place.
Such a dedicated survey also goes beyond the request
to the PIs in proposal submission tools to indicate how they
have used their previously delivered data. In particular, a
survey of PIs with unpublished data allows for a statisti-
cal analysis and – more importantly – directly asks for the
reasons for non-publication.
We note that effective time-allocation is not only in the
best interest of the observatories and the funding agencies
but also of the PIs themselves, as PIs who do not pub-
lish their data implicitly are also penalizing PIs who were
unsucessful in obtaining telescope time, but who otherwise
would have carried out a successful scientific program.
Identifying the unpublished projects is possible for tele-
scopes like the VLT, ALMA or HST, for which the librarians
not only track the publications themselves but also link the
publications to the data that was used in the publication.
Such linking is enabled by setting up policies that require
authors to put the dataset IDs of the data they have been
using into their publication (Meakins et al. 2014).
The reminder of this paper is organised as follows. We
first highlight some general considerations in section 3 before
we briefly describe our method in section 4. We then give an
overview about the current status in section 5 and conclude
in section 6.
3 CONSIDERATIONS
Asking the PIs of successful proposals why they did not pub-
lish their data is delicate. Certainly, in some cases, an em-
barrassment of the PI can not be fully excluded. Also, with
rapidly developing scientific fields and many astronomers
submitting proposals to a variety of facilities, inevitably the
data of some projects gets less attention of analysis by the PI
than others. This leads to a situation where after some time
essentially every observational astronomer will end up with
some of the data they have received that they did not analyse
and publish in a refereed journal. This is the everyone-has-
a-skeleton-in-the-closet problem.
The main consideration therefore was to carefully for-
mulate the text and questions to the PIs so, that it is unam-
biguously clear that the goal of the survey is not to embar-
rass PIs, but to learn about the facility’s deficiencies and to
be able to improve upon them. The email that gets send to
the PIs as well as the text on the survey page itself (A1) have
therefore been crafted meticulously to avoid the impression
of harassment as much as possible.
Given the high operational cost to take the data for a
proposal, however, management considered it acceptable for
the PIs in return for the data they receive and the propri-
etary period they get assigned to also answer such a survey.
These views were also confirmed by the ALMA Science Ad-
visory bodies (ESAC, ASAC).
In addition, it was also decided by ALMA management
that the survey should be semi-anonymous. While a token
should be issued for each unpublished program, and while it
should be recorded whether or not a given PI has already re-
sponded, the answers were to be kept separately and without
link to the tokens so that answers and PIs can not be related
any more. While it is clear that the analysis can then only
be global and not related to the type of project, the wish to
protect the PIs as much as possible prevailed.
A further important consideration was to make clear to
everyone involved – from the PIs to the management who
will receive the compiled statistics –, that of course by no
means it is expected that each PI project that receives data
from the facility should result in a publication. The con-
trary is the case. Non-detections or observations where nei-
ther the expected science nor any unexpected science are
contained in the data are a natural and indispensable part
of the scientific discovery process. Observatories are long-
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ing for science with very high impact (high-reward science)
which often enough comes with high-risk proposals. It is one
of the most beautiful properties of science that it can hardly
be planned (Harwit (1981), Norris (2016)).
That said, knowing the fraction of projects that fall
into category of unpublished data because they were high-
risk/high-reward is certainly a very important indicator for
a facility. Indeed, the risk that that due to very high over-
subscription factors and a huge step of improved capabilities
of a new facility like ALMA, the Proposal Review Commit-
tee (PRC) in the first years may be rather conservative is
real. Should such a result be found during the survey, PRC
members could be instructed to rate high-risk/high-reward
projects higher.
The final consideration was that the survey should be
running continuously to allow the observatory to first adapt
to the results as early as possible but then also to evaluate
as soon as possible the impact of the changes that have been
applied to the operational model. By setting a fixed time-
span after which PIs would be asked to provide feedback,
we also remove time-span-related biases.
4 METHOD
Publications and their links to the corresponding science
data in the ESO Archives, including ALMA, are tracked by
the ESO Library in collaboration with their colleagues from
NRAO and NAOJ and then stored in a database (e.g. Erd-
mann & Grothkopf (2010), Meakins & Grothkopf (2012),
Grothkopf & Meakins (2015)). Information about the data
deliveries, delivery dates and proprietary periods is con-
tained in the ALMA Science Archive database.
We have developed software that runs daily and iden-
tifies projects which do not have a related publication two
years after the end of the proprietary period of the last data
delivery to the PI. The PIs of any such projects then auto-
matically get sent the personalised email containing the link
and token for the survey called ”project status questionnaire”
which is hosted on the ALMA Science Portal. Should there
be also no publication three months later and should the PI
have not yet filled out the survey, a reminder email is sent,
explaining again the high value the answers do have for the
project. Should a European ALMA PI not have answered
after the reminder email, the the policy allows for this PI be
called by phone. So far, such PIs have been extremely polite
and understanding.
The choice of the time-span of two years after the end of
the proprietary period was motivated by two factors. On the
one hand, the more timely the information from the PIs is
received, the faster the observatory can react. On the other
hand, in order to maximise the usefulness of the survey, the
time-span should be long enough that enough time was avail-
able to produce a publication under normal circumstances.
Fig. 1 shows the distribution of publication delays, i.e.
the distribution of the time-spans between the (median) de-
livery time of data to the ALMA PI and the moment of
the first related publication. The median value of the pub-
lication delay is 14.8 months as indicated by the green line.
These publication delays are very short compared to other
facilities (see also Stoehr et al. (2015)). Therefore, using a
time-span of two years after the end of the proprietary pe-
Figure 1. Publication delay. Distribution of the time-span be-
tween the delivery of data to the PI and the first refereed pub-
lication making use of those data. In case the PI has received
several data deliveries for his project, the median delivery date is
used as start date. The green line indicates the median publication
delay of 14.8 months, the orange line indicates the time at which
ALMA seeks feedback from the PIs of unpublished projects.
riod, as indicated by the orange line, is indeed a safe choice
for sending out the survey email.
To keep the barrier as low as possible, the survey was
designed to fit onto a single page (see Fig. A1). On top of the
page, again, the text from the email is repeated to avoid all
potential ambiguity as to what the aim of the survey is. A
single comment box allows PIs to elaborate on their answers,
but only the selection of the reason for non-publication is
mandatory in this survey.
The survey questions are presented to the PI in roughly
ascending order of degree of potential embarrassment:
• There is a publication. We hope to learn from answers to
this question whether or not the set of journals we currently
monitor (A&A, A&ARv, AJ, AN, ApJ, ApJS, ARA&A,
EM&P, Icarus, MNRAS, Nature, NewA, NewAR, PASJ,
PASP, P&SS, Science) is complete.
• A publication is in press and a publication is in prepa-
ration. Some projects take long time to analyse, especially
when data from different facilities are combined.
• Only part of the requested project was actually observed.
ALMA is working hard on increasing the fraction of projects
that are fully completed, but in Cycles 1 and 2 there were
still about 25% of the high-priority projects which were only
partially completed. While we do know the completion frac-
tion, we want to learn what impact the delivery of non-
completed projects does have on the PIs possibility to pub-
lish. The findings can then directly be used to optimize the
scheduling algorithm which has to balance the completion
of already started but unfinished projects agains the obser-
vation of new projects.
• The quality of the data was not good enough. The User
Survey shows that generally the quality of the ALMA data
is very high. If however, in some cases the quality of the data
is the single most important reason preventing the PI from
being able to write a publication, the observatory would need
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to give a high priority to the investigation of the issues and
to improving the data-quality to avoid the waste of observing
time.
• We had problems producing the data products. Calibra-
tion and Imaging are complex tasks in radio interferome-
try. To this end ALMA is developing the CASA software
package (Reid & CASA Team 2010) which now includes
the ALMA Pipeline (Shinnaga et al. (2015) an references
therein). Should this reason be the show-stopper for a non-
negligible fraction of projects, the tools but also the help
provided to the PIs would need improvement.
• The expected science was not contained in the data. As
mentioned earlier, we try to evaluate the fraction of high-
risk/high-reward programs allocated by the PRC. The find-
ings here can directly be fed back into the proposal evalua-
tion process.
• The scientific field had moved on in the meantime. With
yearly proposal cycles, ALMA’s turn-around time is rela-
tively long compared to some other facilities (e.g. the VLT).
This question helps us evaluate how much this fact impacts
science. Should this turn out to be a significant factor, then
two cycles per year could be offered or, more drastically, a
fast-turnaround queue like for Gemini (Mason et al. 2014)
could be implemented.
• No effort was available any more. The times from pro-
posal submission to data delivery can be long enough to
have an impact of the availability of scientists, e.g. PhD
students in a research group. As above, a large fraction of
responses selecting this option would suggest to reduce the
turn-around time of the end-to-end data-flow.
• Waiting for other facilities. With astronomy transform-
ing to becoming fully multi-wavelength science, the needs for
coordinated proposal processes of different facilities might
grow. We hope to evaluate this need and to find out which
other facilities are mostly required by the PIs. Possible sub-
sequent actions could be to implement common joint observ-
ing programs like they do exist for the VLT and XMM.
• Personal reasons and Other. These give the PIs the pos-
sibility to complete the survey without having to provide
substantial information or to bring up a reason we have not
thought of.
As mentioned, the survey was set up to run continuously
right from the start of ALMA operations, i.e. right from the
point in time when the first projects could fulfil the two-year
criterion.
5 PRELIMINARY RESULTS
The first survey email was sent out in March 2015 and the
software has been running and the survey has been ongoing
since. As it turns out, the publication fraction, i.e. the frac-
tion of all ALMA projects that do receive a publication, is
extremely high (Stoehr et al. 2015). Currently that fraction
is hovering around 90% (including archival publications).
While this is a very large success for ALMA, it also means
that the number of answers to the survey is low.
To this date, 21 emails to PIs have been sent out and
a total of 8 answers have been received. Four PIs have been
called on the phone. While no solid statistics can be pre-
sented at this stage, the answer ”A publication is in prepa-
ration” is so far the one given most often, followed by ”Only
part of the requested project was actually observed” and
then at the same level ”There is a publication”, ”A publica-
tion is in press” and ”We had problems producing the data
products”. Out of the 8 responses, however, 7 PIs provided
comments and all of those comments are extremely useful.
Given the very targeted survey, the return-rate is below the
expectations at this stage.
We are planning improvements for this survey in the
medium-term. These potentially could include sending out
emails even if an archival publication has been made by other
users before, converting of the radio-buttons into check-
boxes allowing PIs to select several reasons at the same time,
updating the text in the email to insist more on the fact that
the survey is short, adding to the ALMA User’s Policy that
by submitting a proposal to ALMA PIs are agreeing to fill
out the survey, explaining in the email that the statistics will
be presented to ALMA management at all levels, asking the
Contact Scientist of each project to follow up with PIs who
have not filled out the survey, changing the survey to be
non-anonymous (while at the same time of course keeping
the individual answers confidential) to be able to link the
reasons to the types of the project as well as sending the list
of PIs who have not answered to management or the PRC.
6 CONCLUSIONS
We have presented a method to close the loop on the end-
to-end data-flow on a project-by-project level by asking PIs
of programs which have received data but where no related
publication could be identified after 2 years for feedback.
Such a targeted survey has been implemented and is con-
tinuously running. To our knowledge, ALMA ist the first
astronomical facility directly surveying PIs of unpublished
data.
While due to the high publication fraction of ALMA
data the number of answers to our survey are too low to
draw statistically relevant conclusions at this stage, the an-
swers and the quality of the comments received indicate that
surveying the PIs with unpublished data has a great poten-
tial to identify stumbling blocks and as a consequence to
improve operational model of the facility. Also science advi-
sory bodies are showing very high interest in the results of
this survey project.
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Figure A1. Survey form sent per personalised email to PIs two years after the end of the proprietary period of the last dataset from
their project.
